The oxidation of three Ag-Cr alloys with a nominal content of 17, 35 and 69 wt% Cr prepared by powder metallurgy has been studied in 1 atm of pure 0 2 at 700 and 800°C. As a consequence of their two-phase nature, these alloys form composite scales containing complex mixtures of chromia, a double Ag-Cr oxide and silver metal. The alloys more dilute in chromium undergo a complex internal oxidation of chromium associated with the formation of a layer of silver metal on top of the scale. The large chromium particles in the region of internal oxidation are not completely oxidized due to the slow rate of chromia growth. A continuous layer of chromia forms only on the alloy containing 69 wt% Cr, but it is surmounted by an external layer of the double oxide. The internal oxidation of chromium is suppressed in this alloy, which corrodes significantly more slowly than those more dilute in chromium.
INTRODUCTION
The binary Ag-Cr system has a monotectic equilibrium. The two metals have very low mutual solubility and do not form any intermediate phase III. Thus, below their melting points Ag-Cr alloys are composed of mixtures of the two nearly pure metals in practically all their composition range. On the other hand, chromium oxide is very stable and quite protective, while silver is a noble metal under 1 atm 0 2 . Therefore, silver-chromium alloys are a simple case of binary two-phase alloys, which can be used to check the correctness of some general considerations and theoretical treatments concerning the high-temperature oxidation behavior of this class of materials /2-4Λ In fact, this can be very different from that of solid-solution alloys, mainly as a result of the restriction of the diffusion of the metal components in the alloy, which becomes totally impossible in the presence of two phases, since they are in equilibrium whatever is the difference in their composition /2-4/.
The alloys used in this study have been prepared by means of powder metallurgy, which can provide a much more uniform distribution of the two phases than by conventional methods, and thus can reduce the effect of local deviations from the average alloy composition on their oxidation behavior. In addition, this method also allows one to control to some extent the size of the particles of the two phases. This paper examines the results of the oxidation in pure oxygen at 700-800°C of three two-phase Ag-Cr alloys with widely different composition: the results obtained are interpreted by taking into account the effects of the limited solubility of the two components. Table I. The alloy microstructures are shown in Figs, la-lc.
In agreement with the phase diagram of the Ag-Cr system /I/ they all contain a mixture of the solid solutions of chromium in silver (a phase, light) and of silver in chromium (β phase, dark), which are practically identical to the two pure metals as a result of the very low mutual solubility of Ag and Cr. The only difference between the three alloys concerns the volume fraction of the two phases. For all the alloys the phase forms the matrix which contains a dispersion of the particles of the β phase, even though for Ag-69Cr also the β phase has some degree of interconnection.
The size of the β phase particles ranges between a few μπι up to about 100 jim.
Samples of about 2 cm 2 surface area were ground down to 800 grit emery paper. Kinetic measurements 
RESULTS

Oxidation kinetics
The 
Table II
Approximate parabolic rate coustants (g 2 cm"V) for the oxidation of the three Ag-Cr alloys in 1 atm 0 2 at 700-800°C Although pure silver cannot be oxidized under the present conditions, all alloys also form a double oxide of silver and chromium which according to XRD measurements is AgCr0 2 . In no case was depletion of chromium in the alloy substrate observed.
Samples of Ag-17Cr oxidized at 700°C (Figs. 3a-3b) show an outermost continuous region of pure silver (light), with an irregular surface both externally and 
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also present within the layer of double oxide, probably where silver in the alloy contained some chromium particles. The thickness of the scale formed on Ag-69Cr is slightly smaller after corrosion at 800°C than at 700°C.
DISCUSSION
Only chromium forms a stable oxide in the Ag-Cr system, since silver is noble under the present conditions. However, a double Ag-Cr oxide was also observed to form, which in all cases was AgCr0 2 , as shown both by SEM/EDX and XRD measurements.
Moreover, an exclusive external oxidation of chromium was never observed for the present Ag-Cr alloys, even though for Ag-69Cr the internal oxidation of chromium was suppressed.
The scaling behavior of the present alloys can be examined qualitatively using the schematic isothermal phase diagram of the Ag-Cr-0 system shown in Fig. 8 , as Pi, P 2 and P 3 , respectively, while P 8 is that prevailing in the gas phase, which is lower than P, but higher than 
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Oxidation of Powder Metallurgical Ag-Cr Alloys in 1 Atm 02 At 700-800° C a continuous layer on top of a continuous layer of chromia, which in turn is in contact with the alloy, while the internal oxidation of chromium is completely absent.
In this case, the diffusion path at P(0 2 ) = P 3 shifts to the extreme right (Cr 2 0 3 ) and moves upwards to P 2 without crossing the two-phase α + Cr 2 0 3 field, after which it shifts to the center of the diagram (AgCr0 2 ) and moves vertically up to P(0 2 ) = P 8 .
For than at 700°C, so that the alloy is protected earlier.
CONCLUSIONS
The oxidation behavior of present alloys is strongly affected by the restriction to chromium diffusion due to the presence of two phases and by the relatively large size of the chromium particles, which result in the formation of complex scales. In fact, after oxidation in pure oxygen for 24 hours at 700-800°C they do not form is gratefully acknowledged.
